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EFFECT OF CYCLING EXERCISE AT DIFFERENT PEDAL
CADENCES ON SUBSEQUENT MUSCLE STRENGTH
Vinicius Daniel de Araújo Ruas, Tiago Rezende Figueira, 
Benedito Sérgio Denadai, Camila Coelho Greco
Human Performance Laboratory, UNESP, Rio Claro, BRAZIL
The main purpose of this study was to compare the effects of previous high-intensity aerobic exercise at 
50 and 100 rev  min−1 on subsequent strength determined through maximal repetitions (RM) and counter-
movement jump (CMJ). Thirteen physically active males (age, 23.0 ± 3.7 years; weight, 77.1 ± 8.8 kg; height,
179.3 ± 4.0 cm; %body fat, 14.3 ± 2.9%) performed the following procedures on different days: (1) incremen-
tal test on cycle ergometer to determine the onset of blood lactate accumulation at 50 and 100 rev  min−1;
(2) three sets of RMs with the load corresponding to 10 RM in leg press 45° (LC); (3) three sets of 10 maximal
CMJ in contact plate (JC); (4) four trials of 30 minutes at the onset of blood lactate accumulation obtained 
at 50 and 100 rev  min−1, followed by three sets of RMs with 10 RM load (L50 and L100, respectively) or
three sets of maximal CMJ (J50 and J100, respectively). Strength was compromised at 100 rev  min−1 (L100 =
22.6 ± 6.0 vs. LC = 30.4 ± 1.5 repetitions) in leg press, while CMJ height was reduced at 50 rev  min−1
(J50 = 29.2 ± 3.0 vs. JC = 31.7 ± 2.9 cm). The reduction in number of repetitions at L100 (26%) was signifi-
cantly higher than CMJ height at J50 (8%). In conclusion, the extent of strength loss after high-intensity aero-
bic exercise can be dependent on both pedal cadence and strength test conditions. When aerobic cycling
exercise precedes strength training, it may be beneficial to use low pedal cadences to minimize strength loss.
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Introduction
Studies have verified that previous aerobic exercise may
induce a significant reduction in subsequent muscular
strength (Santtila et al. 2009; Denadai et al. 2007; Sarre
et al. 2005; Millet & Lepers 2004; Leveritt et al. 2000;
Leveritt & Abernethy 1999; Leveritt et al. 1999; Abernethy
1993). This negative effect may be influenced by char-
acteristics of aerobic exercise (exercise mode, inten-
sity and duration) and strength evaluation (muscular
contraction type and presence of the stretch-shortening
cycle [SSC]) (Byrne et al. 2004; Millet & Lepers 2004;
Leveritt & Abernethy 1999). Some studies have found
reductions between 7% and 34% in strength per-
formance after aerobic exercises (from 30 minutes to
2 hours, approximately) performed in cycling (Lepers
et al. 2001; Bentley et al. 2000; Sahlin & Seger 1995).
One important aspect to be considered in this exercise
mode is the pedal cadence. For an identical power, a
low pedaling rate corresponds to low muscle shorten-
ing velocities but greater muscular tension levels, and
the reverse is true for high pedaling rates. Thus, pedal-
ing rate may influence the fiber type recruitment pat-
tern (DiMenna et al. 2009; Alhquist et al. 1992) and
the degree of neuromuscular fatigue (Takaishi et al.
1994). Indeed, some studies have indicated that the
contribution of type II muscle fibers is greater at high-
movement frequencies (DiMenna et al. 2009; Sargeant
1994; Beelen & Sargeant 1993). Moreover, Takaishi et al.
(1994) verified that the degree of neuromuscular fatigue
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estimated by the integrated electromyogram changes
during prolonged cycling exercise at a given exercise
intensity was different among different pedaling rates
(from 40 to 80 rev  min−1). Therefore, it is possible to
hypothesize that aerobic exercise performed at different
pedal cadences might determine different strength loss.
However, few studies have analyzed the effects of
pedal cadence on post-exercise neuromuscular perfor-
mance. Lepers et al. (2001) found similar reduction in
muscular strength (maximal isometric and concentric
torques) after aerobic exercises (30 minutes at 80% of
maximal oxygen uptake [V
.
O2max]) performed at dif-
ferent pedal cadences (∼69, 86 and 103 rev  min−1).
Similarly, Sarre et al. (2005) did not observe any influ-
ence of pedal cadence (50 vs. 110 rev  min−1) utilized
during aerobic exercise (60 minutes at 65% of maxi-
mal power [PMAX] attained during an incremental test)
on knee extensors’ maximal voluntary contraction.
However, the experimental designs of these studies
(Sarre et al. 2005; Lepers et al. 2001) may present some
limitations. The exercise power output (%V
.
O2max or
%PMAX) used during previous exercises was estimated
from the responses to a single incremental test at a
freely chosen cadence. In these conditions, the aerobic
exercise performed at higher cadence, using an absolute
power output determined from this incremental proto-
col, probably produced higher metabolic stress (oxygen
uptake [V
.
O2] and blood lactate concentration [La]).
Confirming this possibility, several studies have verified
that the relationship of V
.
O2 and [La] with %V
.
O2max or
%PMAX is influenced by pedal cadence (Denadai et al.
2006; Chavarren & Calbet 1999). Thus, the effects of
aerobic exercise on subsequent muscle strength cited
above may not be attributed only to pedal cadence,
since the metabolic stress was probably higher at higher
pedal cadences. Thus, to allow meaningful physiological
comparisons, the relative metabolic stress of the aerobic
exercise must be normalized relative to any differences
in %PMAX and/or blood lactate response that might exist
across pedal rates.
Furthermore, to our knowledge, there are no studies
that have investigated the effects of aerobic exercise
performed at different pedal cadences on subsequent
isotonic muscle strength. This type of muscular con-
traction is performed more frequently during strength
training programs, which aim to improve physical fit-
ness and sport performance. It is important to note
that the effects of aerobic exercise on isokinetic and
isometric peak torque and maximal number of repe-
titions during an isotonic strength test may be different
(Denadai et al. 2010, 2007; Leveritt & Abernethy
1999). In addition, some studies have also verified
that the presence of the SSC (e.g., squat jump vs. coun-
termovement jump [CMJ]) may attenuate the strength
loss verified after ultramarathon (Chambers et al. 1998)
and exercise-induced muscle damage (Byrne & Eston
2002). Thus, it is also possible to hypothesize that the
effects of previous aerobic exercise on strength loss
may be dependent on the strength exercise analyzed
(i.e., RM vs. CMJ).
Therefore, the objectives of this study were to: (1)
verify the effects of previous high-intensity continuous
aerobic exercise performed at 50 and 100 rev  min−1
on subsequent muscle strength performance determined
at different conditions (number of repetitions in leg press
45° and CMJ height); and (2) compare the percent
strength loss of these different conditions (pedal cadence
and strength measurement condition).
Methods
Participants
Thirteen healthy men (age, 23.0 ± 3.7 years; weight,
77.1 ± 8.8 kg; height, 179.3 ± 4.0 cm; %body fat, 14.3 ±
2.9%) volunteered to participate in the present study.
They were university students who had regularly (2–
3 times per week) performed heavy weight training for
at least 6 months but who were not training specifi-
cally for any particular sport. The volunteers were noti-
fied about the potential risks involved and gave their
written informed consent, approved by our university’s
Institutional Review Board for Human Subjects.
Experimental design
Participants were required to visit the laboratory on 10
occasions within a period of 4 weeks. Initially, anthro-
pometric data (body mass, height, and skinfold thick-
ness) were determined (Guedes & Guedes 1998; Siri
1961). After these procedures, the individuals were sub-
mitted to the following tests, on different days: (1) Two
incremental tests on the cycle ergometer (50 and 100
rev  min−1) for the determination of the onset of blood
lactate accumulation (OBLA) in random order; and (2)
a maximum repetition test (RM) for the determination
of the load corresponding to 10 repetitions (10 RM), in
leg press 45°.
After these procedures, individuals performed in a
randomized order the following conditions: LC (con-
trol)—three sets of RMs with the load corresponding to
10 RM; L50—30 minutes of cycling exercise at OBLA
at 50 rev  min−1 followed by three sets of RMs with the
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load of 10 RM; L100—30 minutes of cycling exercise
at OBLA at 100 rev  min−1 followed by three sets of
RMs with the load of 10 RM; JC (control)—three sets of
10 maximal CMJs; J50—30 minutes of cycling exercise
at OBLA at 50 rev  min−1 followed by three sets of 10
maximal CMJs; and J100—30 minutes of cycling exer-
cise at OBLA at 100 rev  min−1 followed by three sets
of 10 maximal CMJs.
For each individual, tests were performed at the same
time of day (±2 hours) with at least 72 hours between
each test session. Participants were instructed to arrive
at the laboratory in a rested and fully hydrated state, 
at least 2 hours postprandial, and to avoid strenuous
exercise in the 48 hours preceding a test session. See
Figure 1 for more details.
Determination of OBLA
Individuals performed incremental tests on a cycle
ergometer (Monark 834E; Monark Exercise AB,
Stockholm, Sweden) at 50 and 100 rev  min−1 with an
initial workload of 75 W and increases of 25 W every 
3 minutes until voluntary exhaustion. Heart rate (HR)
was registered at the end of each stage and blood sam-
ples were collected in the final 20 seconds of each stage.
PMAX was defined as the highest intensity maintained
for at least 1 minute. OBLA was determined by linear
interpolation using a fixed [La] of 3.5 mmol  L−1 (Heck
et al. 1985). Blood samples (25 μL) were collected from
the ear lobe into microcentrifuge tubes containing 
50 μL NaF (1%) and analyzed electrochemically (YSI
2300 STAT; YSI Inc., Yellow Springs, OH, USA). HR was
continuously monitored by a HR monitor (Polar S410;
Polar Electro Oy, Kempele, Finland).
Determination of load corresponding to 10 RMs
Individual s performed three to five trials for the deter-
mination of loads corresponding to 10 RM (kg) in leg
press 45° (LC 303, Vittafisio, São José do Rio Preto,
Brazil). The initial load was chosen based on the previ-
ous experience of the individual. When the individual
performed 10 repetitions, load was increased by 10 kg,
until he could not perform 10 complete movements.
There was at least 24 hours of recovery between each
trial. The duration of the contraction was controlled by a
metronome and maintained at 1 second in the con-
centric phase and 1 second in the eccentric phase. The
movement amplitude was from 90° of knee flexion 
to complete knee extension. A 10-RM load was used
during the LC, L50 and L100 sessions.
Determination of number of repetitions in 
leg press 45°
The number of repetitions in leg press 45° was deter-
mined using three sets with the load (kg) corresponding
to 10 RM. Each set was performed to a momentary
concentric failure, with 3 minutes of recovery between
them. The movement velocity and amplitude were con-
trolled as mentioned above. For each condition (LC,
L50 and L100), the total number of repetitions (i.e., Set
1 + Set 2 + Set 3) was determined.
Determination of CMJ capacity
CMJ capacity was determined using a contact plate
(Ergojump, Belo Horizonte, Brazil). Individuals performed
three sets of 10 maximal CMJ (Set 1, Set 2 and Set 3);
each jump was performed within a period of 2 seconds,
which was controlled by a metronome, with 3 minutes of
rest between sets. For each condition (JC, J50 and J100),
the mean CMJ height was determined at each set.
Constant workload exercise
Constant workload exercise consisted of 30 minutes at
OBLA obtained at 50 (L50 and J50) and 100 (L100 and
J100) rev  min−1. At the 10th and 30th minute of the
exercise, 25 μL of blood were collected to determine
[La], and HR was registered.
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Fig. 1 Overview of the experimental design.
Statistical analysis
Data are expressed as mean ± standard deviation.
Maximal (PMAX, [La]MAX and HRMAX) and submaximal
(OBLA and HROBLA) indexes obtained during incre-
mental tests performed at 50 and 100 rev  min−1 were
compared using Student’s t test for paired data. [La]
and HR values obtained during constant workload
exercises were compared using two-way ANOVA (pedal
cadence vs. time), complemented by Bonferroni test.
The effect of aerobic exercise (LC vs. L50 vs. L100 or JC
vs. J50 vs. J100) and sets (Set 1 vs. Set 2 vs. Set 3) were
analyzed using two-way ANOVA, complemented by
Bonferroni test. The percent variation in the number
of repetitions and CMJ height was compared using the
Mann-Whitney test. Significance level was maintained
at p ≤ 0.05.
Results
Table 1 presents the values of maximal and submaxi-
mal responses obtained during the incremental tests
performed at 50 and 100 rev  min−1. PMAX (p = 0.303)
and HRMAX (p = 0.756) were similar in both conditions.
However, [La]MAX was significantly higher at 100 rev 
min−1 than at 50 rev  min−1 (p = 0.026). OBLA deter-
mined at 100 rev  min−1 was significantly lower (15%)
than that at 50 rev  min−1 (p < 0.001). In the same way,
the HR corresponding to OBLA (HROBLA) at 100 rev 
min−1 was significantly lower (5%) than that at 50 rev 
min−1 (p = 0.017).
Table 2 presents the values of [La] and HR obtained
at the 10th and 30th minutes of the aerobic exercise 
at 50 and 100 rev  min−1. There was no effect of pedal
cadence on [La] and HR at the 10th and 30th minutes
of the aerobic exercise preceding leg press 45° and
CMJ (p > 0.05). There was no effect of time on [La] in
leg press 45° and CMJ (p > 0.05) in both pedal cadences.
HR significantly increased from the 10th minute to the
30th minute in leg press 45° and CMJ in both pedal
cadences (p < 0.001).
The maximal number of repetitions in leg press
45° at LC, L50 and L100 are described in Figure 2.
Analyzing the number of repetitions of all sets, there
was a significant reduction in L100 compared to LC
(p < 0.001) and L50 (p = 0.007). There was a significant
interaction effect between pedal cadence and Set (F =
3.301, p = 0.015). Comparing the number of repetitions
in each set at different experimental conditions, in Set 1
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Table 2. Values of blood lactate concentration and heart rate obtained at the 10th and 30th minutes of aerobic exercise at 50
and 100 rev  min−1
Pedal cadence*
50 rev  min−1 100 rev  min−1
10th min 30th min 10th min 30th min
Leg press (N = 13)
[La] (mmol  L−1) 3.8 ± 0.9 4.0 ± 1.2 4.5 ± 0.8 4.4 ± 1.0
HR (beats  min−1) 156.6 ± 7.2 165.7 ± 6.9† 160.4 ± 10.1 170.8 ± 10.3†
CMJ (N = 11)
[La] (mmol  L−1) 4.2 ± 1.5 4.6 ± 2.0 4.6 ± 1.1 4.7 ± 1.5
HR (beats  min−1) 160.7 ± 9.9 168.1 ± 10.7† 158.5 ± 12.4 166.9 ± 11.1†
*Data presented as mean ± standard deviation; †p < 0.05 in relation to the same condition. [La] = blood lactate concentration; HR = heart rate;
CMJ = countermovement jump.
Table 1. Values of the maximal and submaximal responses
obtained in the 13 study participants during incremental
tests performed at 50 and 100 rev  min−1
Pedal cadence*
50 rev min−1 100 rev min−1
PMAX (W) 248.0 ± 37.4 242.9 ± 38.9
HRMAX (beats  min−1) 181.1 ± 6.7 180.6 ± 8.0
[La]MAX (mmol  L−1) 7.3 ± 1.7 8.85 ± 2.94†
OBLA (W) 206.2 ± 44.7 176.1 ± 43.8†
%PMAX 82.5 ± 8.0 71.9 ± 11.0†
HROBLA (beats  min−1) 162.7 ± 11.4 154.2 ± 9.7†
%HRMAX 89.9 ± 5.7 86.0 ± 6.5†
*Data presented as mean ± standard deviation; †p < 0.05 vs. pedal
cadence of 50 rev min−1. PMAX = peak workload attained during incre-
mental tests; HRMAX = maximal heart rate attained during incremen-
tal tests; [La]MAX = maximal blood lactate concentration attained
during incremental tests; OBLA = onset of blood lactate accumulation
workload; %PMAX = OBLA expressed as relative intensity; HROBLA =
heart rate corresponding to OBLA; %HRMAX = heart rate expressed
as relative intensity.
there was a significant difference of LC (12.23 ± 2.77
repetitions) with L50 (9.54 ± 0.97 repetitions; p = 0.012)
and L100 (8.77 ± 2.05 repetitions; p < 0.001). The
number of repetitions of L50 and L100 was similar
(p > 0.05). In Set 2, the values obtained at LC, L50 and
L100 were similar (p > 0.05). In Set 3, there was a sig-
nificant difference only between LC (9.46 ± 1.27 repe-
titions) and L100 (6.08 ± 2.50 repetitions; p < 0.001).
The condition L50 was similar to LC (p > 0.05) and
higher than L100 (p = 0.008). Analyzing the effect of
sets at the different conditions, there was a significant
reduction in the number of repetitions from Set 1 to
Set 2 (p = 0.003) and from Set 1 to Set 3 (p = 0.022) at
LC. At L50, the number of repetitions was similar
among sets (p > 0.05). At L100, Set 3 was similar to Set 2
(p > 0.05) and significantly lower than Set 1 (p = 0.030).
The mean height of CMJ at JC, J50 and J100 are
described in Figure 3. Analyzing the mean CMJ height of
all sets, there was no significant difference among all
conditions (p>0.05). There was no significant interaction
effect between pedal cadence and Set (F = 0.840, p =
0.505). The CMJ height obtained during Set 1 (29.04 ±
3.84cm; p=0.002) and Set 3 (29.06±2.71cm; p=0.009)
at J50 was significantly lower than at JC (31.78 ± 3.15
and 31.53 ± 2.83 cm, respectively). There was no sig-
nificant difference among sets in all experimental con-
ditions (p > 0.05).
The percent reduction in the number of repetitions
in leg press 45° obtained at L100 (26%) was signifi-
cantly higher than the mean height of CMJ at J50 (8%;
p = 0.028).
Discussion
To our knowledge, this is the first study to investigate
the effect of previous heavy-intensity continuous aero-
bic exercise performed at 50 and 100 rev  min−1 on
subsequent isotonic strength and vertical jumping per-
formance. This study demonstrated that when strength
training follows a heavy-intensity aerobic session, the
strength performance (total repetitions over 3 sets
with the load corresponding to 10 RM and mean verti-
cal CMJ height) that can be performed is diminished.
Supporting our original hypothesis, the extent of the
strength loss appears to be dependent on both pedal
cadence and the strength test performed.
Although in our study the total energy cost of aero-
bic exercise was not directly determined, participants
performed separated incremental tests to determine
blood lactate response for each pedal cadence used.
As a result, neither HR nor [La] during aerobic exercise
were significantly different across pedal rates, although
the power output at OBLA was lower at 100 rev  min−1.
As the relationships between V
.
O2 and [La] (Chavarren &
Calbet 1999), V
.
O2 and HR (Chavarren & Calbet 1999),
and HR and [La] (Denadai et al. 2005) seem not to be
influenced by pedal cadence, it is possible to suggest
that the total energy cost of aerobic exercise was not
different between pedal cadences. Thus, the energy
cost and/or [La] probably did not determine the differ-
ent effects of pedal cadence on subsequent muscle
strength performance.
The 26% decrease in isotonic strength performance
after 30 minutes of cycling at 100 rev  min−1 was very
close to the 25% and 27% reported by Sporer and
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Wenger (2003) and Leveritt and Abernethy (1999),
respectively. Sporer and Wenger (2003) verified that
the extent to which volume (total repetitions over 4
sets at approximately 75% 1RM) is compromised by
previous aerobic exercise is dependent on the length
of the recovery period (up to 8 hours) and similar for
both high-intensity interval and submaximal continuous
aerobic exercise. Interestingly, in our study, this nega-
tive effect in total repetitions was not observed at L50.
Similarly, Sarre et al. (2005) found a trend for knee
extensors’ maximal voluntary contraction to decrease
to a larger extent at the highest cadence (i.e., 50 vs.
110 rev  min−1). In another way, analyzing the mean
CMJ height of all sets, there was a significant reduction
only in J50 when compared to JC. This is in accordance
with the results reported by Marquez et al. (2009), who
showed a significant decrease in CMJ height after cycling
at lower cadences (freely chosen cadence and freely
chosen cadence −20%), but not for a higher cadence
(freely chosen cadence +20%).
We have no direct evidence from our study that
increased pedal cadence resulted in increased type II
fiber recruitment. Although many studies have indi-
cated that the contribution of type II muscle fibers is
greater at high-movement frequencies (DiMenna et al.
2009; Beelen & Sargeant 1993), it is also important to
analyze the possible interaction between exercise inten-
sity and duration. Vollestad et al. (1984) reported that
all type I and IIA fibers are recruited from the start of
exercise at 75% V
.
O2max, while Essen (1978) verified
that all type I, IIA and IIB fibers are recruited within
4–7 minutes of exercise at 84–100% V
.
O2max. However,
during exercise of longer duration (as analyzed in our
study), the loss of force in fatigued fibers must be com-
pensated for by increased activity in other fibers to
maintain the required tension (Vollestad et al. 1984).
Thus, it is not possible to ignore the possibility that
recruitment and some fatigue level in all fiber types 
(I, IIA and IIB) have occurred, irrespectively of pedal
cadence.
Therefore, the first hypothesis that could explain our
results is the different pedal cadence effects on central
and peripheral fatigue (Decorte et al. 2010). However,
Sarre et al. (2005) found that irrespective of the cadence
(from 50 to 110 rev  min−1), both central activation and
the peripheral index of fatigue (twitch, double pulse
and M-wave) were modified by aerobic exercise (60
minutes at 65%PMAX). Thus, the authors have suggested
that pedaling at different cadences during 1-hour
endurance cycling bouts does not result in any prefer-
ential central or peripheral fatigue.
Another important aspect to mention is that although
we have controlled the number of repetitions and the
recovery period, the conditions of the level of force
developed and the time of each muscle contraction
were different, since in CMJ the movement velocity is
high and the external load is the body mass. In leg
press, the body position was different, the external
load was higher and the velocity of each contraction
was lower. Thus, these different exercise conditions may
also have been important for the strength behavior
after the aerobic exercise. In summary, the CMJ condi-
tions seem to be less sensible to the possible different
neuromuscular (fiber type recruitment) conditions
between low and high pedal cadences. Thus, in addi-
tion to possible different fiber type recruitment, higher
muscle contraction duration in leg press may have
been important to the strength compromise in this
exercise type.
Alternatively, there might be higher pedal cadence
effect when analyzing muscular contraction conditions
(i.e., contraction velocity), which are different from that
used during aerobic exercise. Interestingly, the negative
effects of aerobic exercise on isotonic strength (low
contraction velocity) were observed only in the L100
condition (lower force and higher contraction velocity).
On the other hand, these effects were only observed at
J50 (higher force and lower contraction velocity) dur-
ing CMJ (high contraction velocity). Thus, it can be
hypothesized that strength loss is greater in conditions
of great difference in the contraction velocity between
aerobic and strength exercises.
Finally, in a recent review, Byrne et al. (2004) 
suggested that the SSC may attenuate the effects on 
performance after an exercise which induced muscle
damage. In fact, some studies have verified that the
presence of SSC in strength tests subsequent to eccen-
tric contractions (Byrne & Eston 2002), plyometric
exercises (Hortobagyi et al. 1991) and long distance
running (Chambers et al. 1998) may attenuate strength
loss. Apparently, the lesser effect of aerobic exercise
on jump capacity (8%) in relation to maximal number
of repetitions (26%) is in accordance with the studies
cited previously. However, it is important to note that
the muscle contraction conditions utilized during cycling
are proportionally more similar to leg press exercise con-
ditions than to CMJ conditions. Thus, both the lesser
specificity of the muscle contractions during CMJ and
the elastic energy store during the eccentric phase of
CMJ may help to explain these different effects of aer-
obic exercise on jump capacity and maximal number
of repetitions.
Conclusion
The extent of strength loss appears to be dependent on
both pedal cadence and the strength test performed.
When aerobic cycling exercise of high intensity pre-
cedes isotonic strength training, it is suggested that
low pedal cadences be used to minimize strength loss.
However, when strength training involves SSC, then it
is suggested that high pedal cadences be used. Clearly,
more research is required to determine the mechanisms
that can help to understand the acute and chronic
interactions among strength loss, pedal cadence and
the strength test performed.
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